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1. Introduction

The main goal of the Belle experiment at KEK is to constrain the unitarity triargidf
decays. This allows us to test the Cabibbo-Kobayashi-Maskawa (CKMhamésm for violation
of the combined charge-paritP) symmetry [1, 2], as well as search for new physics effects
beyond the Standard Model (SM). These proceedings give a sumihtrg experimental status
of measurements of the CKM phas@s and ¢, defined from CKM matrix elements ag =
arg—VidVip)/ (VudViip) and@s = arg(—VudVyp) / (VeaVep)-

First-order weak processes (tree) proceeding by uad quark transitions such &° — 7,
P, PP andafn, are directly sensitive tgp. In the quasi-two-body approach, CKM angles can
be determined by measuring the time-dependent asymmetry beBfesmrd BO decays [3]. For
the decay sequenc§4S) — BcpBrag — fcpfrag, Where one of thé mesons decays at tintgp,
to aCP eigenstatecp, and the other decays at tirhgg, to a flavour specific final statlrag, with
q= +1(—1) for Brag= B°(BP), the decay rate has a time-dependence given by

o1t/ Te0

P(At,q) = 1+ q(ecpCOSAMyAL + . ScpSINAMyAL) | (1.1)

TRo
whereAt = tcp —tragandAmy is the mass difference between ¢ andB. mass eigenstates. The
parameters¢/cp and.“cp, describe direct and mixing-induc&® violation, respectively.

If a single first-order weak amplitude dominates the decay, then we expeet 0 and.-cp =
sin2g. On the other hand, if second-order loop processes (penguinpjesent, then direc@P
violation is possibleacp # 0. Additionally, as these loop processes are not directly proportional
to Vup, our measurement a¥cp does not directly determing, rathercp=4/1— dgpsin(Z(pz —
2A@), whereAg;, is the shift caused by the second order contributions.

A theoretically clean way of accessing is throughB~ — DK~ decays wher® represents
an admixture oD® and D° states. This is possible through an interference ifhéecays to a
common final statéD) = |D°) + rge®|D%), where6 = & + ¢ is the relative phase difference
between the two processes 8 andB~ in which Jg is the relative strong phase differenceBn
decays. The quantitss, is the amplitude ratid\(B~ — D°K~)/A(B~ — DK ), and should be
around the order of colour suppression as the two processes andlaf strength in the Cabibbo
angleA.

2. B - aymf

Decays proceeding by first-order— uud quark transitions such & — a,frﬁ[, are sensitive
to .“cp = sin2gp,. On the other hand, if second-order loop processes are presengitketCP
violation is possible and the measurementgpfs shifted by an amoumkg,. Despite this, it is
possible to recoveg, with an SU(2) isospin analysis [4], though many of the branching fractions
required to constraig, are at present unknown. A more practical method at this time is to use
the SU(3) related channelB — a;K andB — Kja1t, which are known, to constraig| [5]. The
decayB® — afn*, is a flavour non-specific final state, so 4 flavour-charge confiigms(q,c)
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need to be considered. The time-dependence is governed by,

o 1At/ Tg0
2(0t,9,0) = (1+cap) ——
TBO

{1+ q [(ﬁcer cA.) SiNAmMyAt — (6cp+ CA%) cCOSAMyAt | ¢,
(2.1)

wherec is thea; charge. The parametercp measures mixing-inducedP violation, and%cp

measures flavor-dependent dir@f® violation. The quantityA¥ measures the rate asymmetry

between the flavor-charge configurations wheresifgoes not contain the spectator quarks® —

a; ]+ [B° — a; r*]), and where it does contain the spectator quUarfg® — ay rrt] + I [BY —

a; ), while A.¥ is related to the strong phase difference between these two processes.
Belle has recently released its fil@P violation measurement in this channels with 772 million

BETpairs [6], shown in Fig. 1. They obtaiecp = —0.51+ 0.14 (stat} 0.08 (syst) which is first

evidence ofCP violation with a 310 significance.
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Figure 1. Fit results forB® — afn*. The left plot shows the 3-pion mass highlighting tae(ap) con-
tribution in blue (red). The middle and right plots show tedistributions for each flavour tag and its
asymmetry, respectively.

3. @ with GLW

In the so-called GLW method [7], a theoretically clean measurement of tHe @ngan be
obtained from the rate and asymmetry measuremeris of» DSJK ()~ decays, where thB(*)
meson decays th—even(Dé‘,Q) and CP-odd (D(C*,L) eigenstates. The method benefits from
the interference between the dominant: custransitions with the corresponding doubly CKM-
suppressell — ucstransition.

The GLW variables are defined as,

Reps — %(57 —>DcpiK7)+e@(B+—>DcpiK+)
P (B - D)+ 2B+ DK
%(57 — Dcpin) —e@(B+ — DcpiKJr)
Acpt = - - ; (3.1)
%(B — DcprK )—i—@(B'*‘—)DCPiK"')
which are related tgs; as
CP-even Dcp, decays CP-odd Dcp_ decays
Rcps = 1413+ 2rp cosds COsgs, Rep. = 1413 — 2rpcosdg COSs,
+2rgsindg sings —2rgsindgsings
= T — . 32
Acp+ 1+r2 + 2rgcoSdz COS(s’ Acp 1+ 12 — 2rg cOS3E COS(s (3-2)
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Figure 2: The two left-most plots show the fit results with G&-evenDcp channels. The red curve shows
B — DK signal, while the cyan curve shows the charmlésK ~K™ background. The two right-most plots
show the fit results with th€ P-odd Dcp channels. The pink curve shows tBe» Drbackground, the green

curve shows thBB_component and the blue curve shows the continuum contoibuti

This analysis has been performed with the final Belle data set containingifli¢ih BB_pairs
using theCP-even channelBcp; — mt 1, KYK~, and theCP-odd channel®cp_ — K, K2n,
shown in Fig. 2. From this measurement, the GLW observables were founed to

Rep = (7.5640.51)%, Rep_ = (8.290.63)%,
Acp; = (+28.7+6.0)%, Acp_ = (—12.4+6.4)%. (3.3)
4. @3 with ADS

In the so-called ADS method [8B~ — DK~ with D — K™ and the charge conjugate
decays are used. Here, the favouBedecay b — c) followed by the doubly CKM-suppressél
decay interferes with the suppres&decay b — u) followed by the CKM-favoured decay. The
relative similarity of the combined decay amplitudes enhances the po€sitalsymmetry.

The ADS variables are defined as,

2 _ B(KTm KT+ ZB([K mfKT)
P B(K- K ) + (KT K
BKTTIK) — B(K T JK)
ok = B(KHT|K-) + B([K- 1 |K+)’ 41
which are related tgs as
Fok =g+ 4 2rprp cog 3 + dp) COSEs,
o — 2relp sm(;;Jr 5D)sm<p37 4.2)
DK

where the amplitude ratiny = A(D® — K71 )/A(D® — K*117), anddp, is the strong phase dif-
ference between the twid amplitudes.

This analysis has been performed with the final Belle data set containingnifiiéh BB
pairs using the decay® — K*m~ [9], D*® — DK+ |, andD*® — D[K*m]y. From this
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Figure 3: Fit results showing the suppressBd,, — K*mm~ for B~ — DK~ (left), B~ — D*O[DMOIK -
(middle), andB~ — D*0[Dy]K~ (right). The red curve shows the signal, the magenta cure i) it
component, the green curve tBB background and the blue curve the continuum.

measurement, the ADS observables were found to be

Fok =(1.6373577090) 1072, Zpe =(L03875T) x 1072, Zpy =(3.6715+0.2) x 102,
ok = —0.397226+0.04 o =+ 04733102 oy =—0.5175334+0.08
(4.3)

where the first uncertainty is statistical and the second is systematic.

5. B~ —DK~,D— Kt m

In the so-called GGSZ method [108~ — DK~ decays where th® decays to theCP
eigenstatd — K2rr" 1r-, are used. One can fit tie — K2r" r~ Dalitz plot with the matrix el-
ement|.#Z. (M2 ,m? )|? = | fp (M2, mP ) + rge/(%+®) fp (m2 , e ) |2, thereby determiningy directly
in the fit. The amplituddp, which depends on the invariant squared masﬁsb(s *+) is typically
parametrised as the coherent sum of 2-body decays via intermediatamess and also measured
in the fit.

This measurement has been performed previously at Belle using 657 rBiBipairs [11]. By
combining the results @~ — DK~ andD*K~, whereD* — D7° andDy, ¢; = (78715 (stap +
4 (sysh + 9 (mode) )° was obtained. Note that the dominant systematic uncertainty arises from
model dependence in the parametrisatiorigpfvhich would eventually dominate the total uncer-
tainty at LHCb and the next generatiBrfactories.

A new method removing the model uncertainty has recently been developedtich in-
volves binning the Dalitz plot and working with the measured number of sigiealte in each bin
instead. This can be compared iy &fit with the expected number of events in eachibin

= hg[Ki +r3K_i +2/KiK_i (xe.¢i +y+8)], (5.1)

wherex, =rgcogds+ ¢;) andy. = rgsin(dg + ¢s) are free parameters in the fit, constraining the
phasegs, andhg is a normalisation constant. Hel§, is the number of events in birdetermined
from a flavour-tagged samplz** — Drr*, while ¢; = (cosAd); ands = (sinAdp); are related to
average strong phase difference in bamd are measured by CLEO [13], but can also be measured
at BES-IIl in the future.



Studies Related to the CKM angl@sand ¢ at Belle J. Dalseno

{: ¥ 8 2 [
g : c 100
325 7 4 3
= 4 6w 80f
o';w ; i o 60:
E15- 2 H.
[ 4 [ Hio

l} 5 5 40

r =z N
050 2 201

L " L

Il Il
% i 5 3 0

m(Kgﬁ) (GeVv3ic?)

Figure 4: The left figure shows the optimised binning where the coloepsesent different bins. The right
figure shows the fitte~ — DK™ yields determined in each Dalitz plot bin as the data pointsle the
solid curve shows the expected yield in each bin.

Compared to measuriridp |2, a binned analysis reduces the statistical precisiag dut this
can be optimised. The advantage of this method is that the optimal binning depeiite model,
howeverg; does not. Studies show that the precision depends strongly on the ampétuaedur
across the bins. Better precision can be achieved when the phaserdifidretween thB® and
D amplitudes varies as little as possible. The optimised binning was found usingpiituale
measured by BaBar [14] and is shown in Fig. 4.

This analysis has been performed with the final Belle data set of 772 mBE?Jpairs which
obtained a total signal yield of 114643 events. Following this, the signal yield in the optimised
Dalitz plot bins is determined then compared iry&fit with the expected signal yield given in
Eq. 5.1. A significan€P asymmetry can be seen in Fig. 4 which has4®probability of being a
statistical fluctuation.

The parameters; andy. are determined in the fit, constrainigg, rg anddg,

@ = (77.3155+4.2+4.3)°,
rg = 0.145+0.030+0.011+0.011,
% = (1299+150+3.9+4.7)°, (5.2)

where the first error is statistical, the second systematic and the third is tisigmeonc; and
s from CLEO. This is a promising proof of concept as the precisiorpois comparable to the
previous measurement wirr — DK™ only.
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